The movement of vehicles on the roads, during summer, can sometimes hide risks involved in direct sunlight. In places where the relief is complicated, road network usually consists of a road complexity. This complexity in conjunction with the motion of a vehicle on a road and the position of the sun at the same time may result in the loss of vision in some sections of the road. This paper describes a GIS-based methodology of the spatiotemporal analysis of this phenomenon. Thus, for a given study area, in this case of Milos Island, Greece, the geometry of the road network, the terrain morphology and the solar radiation (in specific time intervals during summer) have been analyzed. The result of this procedure is a map illustrating the sections of the road where direct sunlight includes a serious amount of risk for the drivers. Applying this methodology for long periods of time may lead to prevention policies adoption related to accidents of direct exposure to sunlight. Moreover, this methodology could be an additional module in car navigation systems.
Introduction
Solar radiation is made up of electromagnetic waves which travel from the sun to the earth with the speed of light. The quantity of short wave radiant energy emitted by the sun passing through a unit horizontal area in unit time is referred generally as global solar radiation. This incoming solar radiation is modified as it travels through the atmosphere and again once it hits the surface. So the three main components of solar radiation are the direct, the diffused and the reflected solar radiation (Figure 1) .
Direct radiation is intercepted unimpeded, in a direct line from the sun. Diffuse radiation is scattered by atmospheric constituents, such as clouds and dust. Reflected radiation is reflected from surface features [1] .
This global solar radiation can be used in predictions of various phenomena. Thus, solar radiation modeling can be a useful tool for the design of building energy systems, solar energy systems and a good estimate of the thermal environment within buildings [2, 3] . Furthermore, solar radiation modeling can be used in Earth Sciences as a climatic element and as a key in biological processes [4] in the field of agriculture and forestry [5] . In this current work, solar radiation is computed within ArcGIS environment using the corresponding tool (The Solar Radiation Tool of the Spatial Analyst Tools). The solar radiation tools can perform calculations for a specific point or for a given surface (e.g. for a DEM) within ArcGIS. It is generally accepted that the use of GIS can be a very valuable tool in modeling various phenomena. GIS incorporates all the available material that technology offers. So hardware, software and databases are combined towards the extraction of new knowledge. They give the possibility to have fast results throughout the process, which extends from the data management to the analysis and the visualization of them [2] . This is a technology that is constantly evolving and which enables users to edit high volume of data. It is also a technology that provides the ability to analyze complex spatiotemporal phenomena.
Most scientists now have adopted GIS to analyze and visualize the derived results. Thus, there are a lot of developed applications for sciences such as business, education, natural resources and natural disasters, mapping, health services, public safety, transportation, urban planning, built of environment (environmental engineering), forestry, agriculture etc [3, [6] [7] [8] .
Thus, GIS offers the ability for applications in many different fields of science such as urban planning, hydrology, archeology, epidemiology, monitoring changes in land use, etc. [9] [10] [11] [12] . This technology provides the necessary facilities to the users in order to perform various simulations towards having quick and reliable results. These results may be a key element for solving complex spatial problems and a decision tool for policy makers. At the same time, a GIS based spatial decision support system (SDSS) is a powerful modeling framework for decision makers in order to analyze and simulate various spatial phenomena [13, 14] .
GIS is also a technology that provides well-organized possibilities for the analysis of phenomena which are variable in space and time. In this current work, an aspect of road accident risk is evaluated in terms of the exposure to direct sunlight. This is a spatiotemporal phenomenon due to the continuous change of the position of the sun and the motion of a vehicle on a road. Road risk accident analysis may concern the study of accidents that had already occurred in an area and the study of risk factors which can be directly related to the occurrence of accidents [15] [16] [17] . Actually, this is part of the public health approach. This approach is not only helpful in the analysis of a specific risk factor in transportations, but also provides a framework for decision-making throughout its entire process, from identifying a problem to implementing an intervention [18] [19] [20] .
Moreover, road risk analysis can identify high crash zones either between vehicles or in accidents which involve pedestrians [21] . A potential outcome of the proposed analysis is the prevention of accidents in rural road network. Therefore, risk analysis can be followed during a road network planning by considering spatial and thematic data [22] .
In this study, GIS is used in order to simulate the exposure to direct sun light in a rural road network. The main goal was to provide a system which can identify the parts of the road that are in risk for a specific time period due to direct sunlight. When a vehicle is moving towards the direction of the sun and at the same time the sun altitude is low in comparison with road gradient, drivers may experience temporary visual defects which are a common accident triggering factor [23] .
The phenomenon of the exposure to direct sunlight on a road segment is not static. The position of the sun and the moving vehicle are changing from time to time and from space to space. Thus, this exposure is a spatiotemporal phenomenon and should be handled accordingly [24] .
To the best of our knowledge, there are many studies that use GIS in road risk assessment. However, studies related to the proposed analysis or similar analyzes [25] are limited. The main part of these studies explore the frequency of occurrence of accidents based on specific factors [26] , while others use GIS as a tool for visualization of accident data and analysis of hot spots in highways [27, 28] .
The first part of this work refers to the physical process of the sun movement through the estimation of solar radiation for a specific time in the study area. Next, this is applied on the spatial data structures (DEM and road network) in order to isolate the road segments that are in risk due to the exposure to direct sunlight.
Data
In order to conduct the modeling a set of initial data was necessary. The original data used in this work can be divided into two main categories.
Spatial Data
The essential needed data for this current methodology is a Digital Elevation Model (DEM) of the study area. The presence of a full DEM would be the ideal case for the analysis. That is a 3D model in which the buildings within urban areas, the artificial barriers (e.g. bridges) and the trees next to the roads will appear in the correct position and with the correct geometry characteristics. The lack of this ideal situation led to the adoption of a model that is easier to manufacture. For the purpose of this work a Digital Terrain Model (DTM) was created within ArcGIS 9.3 environment using the ANUDEM algorithm [29, 30] . This DTM was derived from the digitization of contour lines (contour line interval: 20 m), elevation/trigonometric points and the stream network (the source of the topographic maps was the Hellenic Military Geographical Service-HMGS). The result of this procedure was a 3D terrain model of 20 × 20 m spatial resolution.
To conduct the analysis at road segment level, it was necessary to import a route from the road network of the study area. The layer of the road network was digitized from the analog topographical map of Hellenic Military Geographical Service. Then an update was held by using GPS on the field. Furthermore, a last check was conducted on Google maps.
Sun Position Data
Data reflecting sun position during a specific time period were taken from the astronomical server of the United States Naval Observatory (USNO) [31] . These data provide information about the solar altitude and azimuth angles. Altitude of the sun is the angle above the horizon while azimuth corresponds to the direction of the sun measured clockwise from the North. Both altitude and azimuth are measured in decimal degrees. The input parameters required for the calculation of sun position are geographical coordinates (Lat, Lon) of the study area, the date and the time interval [7] . Table 1 illustrates the data concerning the position of the sun over the route duration from 08:15 am to 08:27 am for July 20, 2012 (time interval: 1 minute). At this time period the altitude of the sun is less than 30˚ and more roads segments are exposed to direct sunlight.
Methodology
The proposed methodology is based on GIS functions combining the data of the study area.
Initially, it has to be constructed the spatial database of the study area as described previously. This geodatabase consists of the following primary GIS layers:  Contour lines (line topology)  Elevation points (point topology)  Stream network (line topology)  Mainland (polygon topology)  Road network (line topology)
The post processing of the first four layers within GIS environment produce the DTM of the study area while the road network is divided into straight line segments with constant geometry. For each of these road network segments are calculated theirs direction and gradient in order to compare them with the solar azimuth and altitude at the final stage of the methodology. The DTM in combination with the road network returns the gradient of each road segment. The azimuth (direction) of each road segment is calculated from the (x, y) coordinates of the nodes for each line.
The next step is related with the production of hillshade layers in order to identify shaded areas. The creation of a hillshade layer is based on the relief of the area (DTM) and sun position data for a specific time [32] . The hillshade layer is created from 08:15 am to 08:27 am and enables the selection of road segments in shadowed areas. After this process, every road segment is characterized as shadowed or not for each time minute. The final step concerns the classification of road segments according to the exposure to direct sunlight is implemented. The classification is based on the comparison of the spatial features for each road segment with the sun position data.
Firstly, the azimuth of the road segments is checked with the azimuth of the sun for each minute. This check returns as output the selection of road segments that have identical direction (± 5˚) with the sun azimuth. It must be noticed that in this application, all rural roads are considered as two-way streets.
From this filtering, road segments that have somehow similar direction with the sun azimuth are candidates for comparison of their gradient with the sun altitude.
After this comparison, road segments that have the same gradient (± 5˚) with the sun altitude are checked if they are shadowed according to their characterization from the hillshade layers.
From this last check, roads segments that are not under shadow are considered as roads at risk as they are highly exposed to direct sunlight. It must be noted that this procedure is repeated for every minute of the time period under investigation.
At Figure 2 , the methodology is presented according o all these functions. t 
Study Area
The morphology of the island is described as low and hilly, with the eastern part being more flat compared to the western. The highest peak is Profitis Ilias (751 m). Almost all western Milos belongs to the Natura 2000 network. This is one of the reasons that this particular part of the island has not developed main road network in relation to the rest of the island.
The island of Milos, Greece was selected as study area. It is located in the Cyclades with latitude 36˚40' North and longitude 24˚25' East (Figure 3) . Milos is the fifth largest island in the Cyclades with an area of 151 km 2 and is located in the South-West part of the Cyclades Prefecture. The width of the island from East to West is 23 km and from North to South is 13 km. The population is 4714 permanent habitants (2001 Census, Hellenic Statistical Authority). There are 26 inhabited settlements on the island.
The touristic season in the Milos Island lasts five months (May to September) and the average occupancy of existing accommodation is low except from the months of July and August, ranging from 90% to 100%.
According to Figure 4 , the population of the island during summer is increasing by 2600%. The island has not rural character as 20% of its area is covered by crop fields, 66% by pasture and only 2% of its area is urbanized. However, it has a wide developed road network (primary and secondary road network) which in total is nearby 332 km. Circulatory problems do not occur very often in Milos Island. Few problems occur during the summer season and due to the narrowness of the streets and illegal parking. Accidents are often, but noted a slight increase during summer [33] . Moreover, the statistical analysis for the road network of Milos Island (Figures 5 and 6) shows more concentration of segments at the north and northeastern part of the island, with local peaks at N-S and E-W direction.
Results and Discussion
The methodology described previously was applied in the study area (Milos Island) in order to analyze the exposure of the road network to direct sunlight. The results for the route at morning of July 10, 2012 are presented at Figure 7 . The route starts from point A at 08:15 am and ends at point B at 08:27 am. This time period was chosen in order to interpret the results of the proposed analysis for a season without cloud cover. Notice that one of the basic assumptions of the method is the absence of atmospheric effects (e.g. cloud cover, precipitation etc). Moreover, during the selected time period more drivers are exposed to the risk under investigation due to the significant touristic activity and increased road traffic in the study area. After the creation of the database the selected route at Milos Island was divided into straight-line road segments. This segmentation provides as output 213 straight-line road segments with 5.8 km of total length. The next step was the creation of hillshade layers for every time snapshot with the use of corresponding sun altitude and azimuth in order to exclude shadowed road segments of the route. According to the methodology described above, the azimuth of the road network segments was calculated and compared with solar azimuth for every time snapshot in order to identify if it is affected by direct sun-light. All road segments that have the same direction (± 5˚) with the azimuth of sun were selected for the next comparison with the altitude of the sun. This threshold was added in order to overcome unclarities caused from spatial errors in road network layer as well as accuracy issues in sun position data. Similarly, the gradient for each road segment was calculated and compared with the altitude of sun. After this last check the remaining road segments that are under shadow were excluded. All the remained segments of the route are highly exposed to direct sunlight (Figure 7) .
According to the results, three road segments are highly exposed to direct sunlight during the 12-minute route. The first segment is at the 230th meter from the beginning of the route, its length is 8 meters and it is exposed to direct sunlight after the 4th minute. Assuming that the vehicle is moving with a speed of 30 km per hour, it crosses the first segment at the 1st minute of the route duration. So this road segment is not a threat for the driver.
The other two segments are exposed to direct sunlight for all of the 12 minutes of the route. The first segment of them is 7 meters and follows right after the previous segment. So the vehicle will pass from this segment at the 1st minute of the route. The last segment that is at risk is at the 2.3th km from the begging of the route and its length is about 30 meters. This road segment will be crossed by the vehicle at the 6th minute. Thus, 37 meters from the total route the driver will come in direct visual contact with the sunlight.
According to this comparison, every road segment with direction towards the sun position was marked as road at risk. Figure 7 presents road segments located at regions with high exposure to direct sun-light. Notice that in this map we present only the road segments in this category with length more than 100 m. We define here as "high exposure" the exposure to direct sun-light for more than 30 hours during the summer time. As "extremely high exposure" we define the exposure to direct sun-light for more than 100 hours during the period of modeling.
Conclusions
In this study a GIS based spatiotemporal model for the evaluation of the exposure to direct sun radiation in rural road network is proposed. The major elements of the method are: 1) background spatial data (road network, DTM and derivables such as slope, aspect and hillshade) 2) data concerning sun position for a specific time period and 3) advanced GIS functions for spatial analysis. The integration of the above data led to the dynamic modeling and mapping of the exposure to direct sun light for the road segments in the rural network of Milos Island. By using the methodology described above all the roads segments that are in high risk, in terms of the exposure to direct sun light were specified. Mapping this risk can provide policy makers with a very useful tool for the procedure of transportation planning
The identification of road segments that are at risk zones is very useful information in order to take appropriate decisions and acts to prevent road accidents. Such acts could be the creation of visual barriers in high risk areas (e.g. row of trees) or even the placement of warning signs. The implementation of the method in Milos Island showed that for the selected route of 12 minute duration at July 10, 2012 it indicated specific road segments that are in high risk.
Whether increased exposure entails increased risk of road accidents is a question related to the assumptions and limitations of the study. These assumptions are: 1) the route duration, 2) the adoption of threshold ( 5˚) for azimuth and slope filtering, 3) the absence of atmospheric effects (clouds, rainfall etc) and 4) the absence of special on site conditions affecting the direct sun-light (line of tree, buildings/constructions-use of a complete DEM etc).
The study illustrated the use of GIS technology as a spatiotemporal modeling tool, able to support decision making process. Moreover, this methodology could be a module in car navigation systems in order to provide additional information to the drivers. Future work should focus on the development of an automated real time warning system for the identification of high risk conditions in terms of extreme exposure to direct sun light. The use of GIS in co-operation with GPS seems to be the ideal technologies for the development of this system.
